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This thesis aims to defi ne and explore why it is absolutely necessary for cities to accommodate higher densities of people and incorporate the 
natural environment within the built environment.  As urban populations continue to grow at rapid rates, the threat of losing our ties to the 
natural environment looms on the horizon, but presents architects with an opportunity to help combat this problem.  This thesis aims to critically 
examine strategies for rethinking the architecture of cities, strategies that include both accommodating higher numbers of people and present-
ing people with the opportunity for frequent exposure to nature within the context of urban environments.
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ABSTRACTPART ONE: PROJECT RESEARCH
As populations continue to rapidly increase, the amount of people living in cities has surpassed the amount of people living in rural areas.  People 
are fl ocking to cities for a variety reasons, but mainly this has to do with the vast number of amenities and opportunities that cities have to offer. 
Thus, dense urban environments are only becoming denser, and cities are being forced to expand either outward or upward to accommodate 
the infl ux of new residents.  With competition for land area divided between agriculture, nature preserves, and cities, it is important to get the 
most out of the constrained available land area.  If cities continue to sprawl and expand outward, they threaten to jeopardize precious nature 
preserves and agricultural land that will be crucial to sustaining rapidly growing populations.  
While the urban context of cities offers a wide variety of social, economic, and cultural benefi ts, they are often lacking elements of the ecological 
environment that existed before them.  As the built environment continues to grow and expand, the natural environment will continue to shrink. 
Many studies show the importance of exposure to nature, with benefi ts including better mental and physical health for people, and in combina-
tion with living systems, for the benefi t of the planet as a whole.   With more people living and looking to live in cities than ever, the long-time 
connection between humans and nature has steadily declined, and the overall health of urban environments and the people within these urban 
environments refl ects this.
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BACKGROUND
SUBURBAN SPRAWL
After the great depression the U.S. saw the 
greatest change in home ownership rate ever, 
rising from 43% to 66% in 2010.  Home fi nanc-
ing inventions, and anti-urban policies fueled 
suburban sprawl.  The desire to move to the 
suburbs and own a house on your own lot, with 
plenty of space to raise a family was deemed 
the American Dream.  However, there is reason 
to suggest this old dream is being replaced by a 
new dream altogether.
COMMUTING
Of the 43% of people that prefer living in the 
suburbs, over 60% would prefer a small house 
with a shorter commute, versus a large house 
with a longer commute.  One of the biggest is-
sues with the suburban sprawl is the proximity 
issue.  This issue is they are car-oriented de-
velopments and are too low density to support 
many public amenities.  If we can provide all 
Americans with necessary amenities in close 
proximity with their living spaces, then we can 
not only reduce greenhouse gas emissions and 
move away from fossil fuel dependence, but we 
can begin to create healthier people and health-
ier cities..
HOUSING OPTIONS
The National Association of Realtors took a poll 
that asked people what their preferred form of 
housing was between, large houses on large lots, 
small houses on small lots, or attached housing. 
39% preferred attached, 37% preferred small 
houses on small lots, and 24% preferred large 
houses on large lots.  If you compare this to an 
American Housing Survey from the same year it 
shows that only 30% of homes in America are 
attached, 20% on small lots, and 50% are on 
large lots.  This suggests that people are look-
ing to move away from suburban sprawl and an 
opportunity to create more living options in the 
form of attached combinations.
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Population growth rates as of 2018 put the current percentage of people who live in urban environments at 82 percent, with those that live in 
rural areas at 18 percent.  This number is changing year to year with an estimated 90 percent of the total  population of the US living in cities 
by 2050.  In addition, the actual number of millions of people who live in urban areas is steadily rising, while the number of people living in rural 
areas remains relatively the same.
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END OF SPRAWL DENSITY OF CITIES
NATURE DEFICIT DISORDER
99 percent of people in human history have lived, surrounded and involved with other organisms, and depended on natural environments to 
survive.  We are the exception.  Author Richard Louv argues that younger generations of today are suffering from “nature defi cit disorder”, with 
too much time spent indoors, and not enough time spent outdoors in nature.  This is especially true with the rise of technology, and development 
of online interactions and social media. This is worrisome for physical and mental health concerns about overweight, sedentary, unhappy, people, 
and the creation of future generations that continue to disconnect farther from nature.  As of 2018, an estimated 87 percent of people’s time is 
spent indoors, while just 8 percent is spent outside.
IMMERSION IN NATURE
A study by MIND, a British mental health charity, compared effects on mood of walks in nature with walks in a shopping mall.  90% of nature 
walks reported improvements in mood, while 44% of shopping mall walkers actually reported a decline in mood afterward.  Outdoor walks show 
signifi cant improvement in six factors of mood, depression, anger, tension, confusion, fatigue, and vigor.  Tension was the factor that had the 
greatest reduction after nature walks.  If we can get people to walk in nature more frequently, it will not only improve their physical health with 
exercise, but put people in better mental health states.  Peter Schantz and colleagues have a study that shows that green features contribute 
to the decision to walk or bike somewhere.  He called them “pull factors for physical activity”.  A survey in NY, the most walkable city in the 
US, concluded that people who walk or bike daily are more likely to report being in good health, mentally and physically.  If the incorporation of 
natural features can help sway people to walk or bike, then we can create healthier people while simultaneously creating healthier cities.
Time indoors (87%)
Active lifestyle Sedentary lifestyle
Time outdoors
Indoor Walks
Nature Walks
90%
56%
For a better understanding of what constitutes the elements of the natural environment and how these can begin to be utilized and incorporated 
into cities, strategies and elements of the emerging fi eld of biophilic design were examined and carefully analyzed.  Terrapin Bright Green, a 
sustainability consulting fi rm defi ned 14 patterns of Biophilic design, broken up into three categories, Nature in Space, Natural Analogues, and 
Nature of the Space, that further clarify elements of the natural environment that people seek, beyond just the incorporation of vegetation.
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PATTERNS OF BIOPHILIC DESIGN
NATURE AND MENTAL HEALTH
VISUAL CONNECTION WITH NATURE
A view to elements of nature, living systems and natural processes.  Examples: vegetation, bodies of water, green walls, animals, 
terrain, landscapes.
Auditory, haptic, olfactory, or gustatory stimuli that engender a deliberate and positive reference to nature, living systems or 
natural processes.  Examples: Fragrant fl owers, fl owing water, ventilation, textures, weather.
Stochastic and ephemeral connections with nature that may be analyzed statistically but may not be predicted precisely. Exam-
ples: materials that move in breezes, changing light or shadows, birds chirping, animal movement.
Subtle changes in air temperature, relative humidity, airfl ow across the skin, and surface temperatures that mimic natural envi-
ronments.  Examples: solar heat gain, shadows and shade, glazing, ventilation, operable windows.
A condition that enhances the experience of a place through seeing, hearing or touching water.  Examples: rivers and streams, 
ponds, water fall, fountain, aquarium, rainfall.
Leverages varying intensities of light and shadow that change over time to create conditions that occur in nature.  Examples: 
daylight, direct sunlight, accent lighting, illuminance, diffused light.
Awareness of natural processes, especially seasonal and temporal changes characteristic of a healthy ecosystem.  Examples: 
climate patterns, seasonal patterns, geology, hydrology, wildlife habitats, pollination, decomposition.
NON-VISUAL CONNECTION WITH NATURE
NON-RHYTHMIC SENSORY STIMULI
THERMAL & AIRFLOW VARIABILITY
PRESENCE OF WATER
DYNAMIC AND DIFFUSED LIGHT
CONNECTION WITH NATURAL SYSTEMS
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Nature in the Space addresses the direct, physical and ephemeral presence of nature in a space or place. This includes plant life, water and 
animals, as well as breezes, sounds, scents and other natural elements.  Examples of this include plants, fl owerbeds, bird feeders, butterfl y gar 
dens, water features, fountains, courtyard gardens and green walls.
BIOMORPHIC FORMS & PATTERNS
Symbolic references to contoured, patterned, textured or numerical arrangements that persist in nature.  Examples: arrange-
ment of structural system, fabrics, woodwork, masonry, building form, railing form.
Materials and elements from nature that, through minimal processing, refl ect the local ecology or geology and create a distinct 
sense of place.  Examples: natural wood, stone, bamboo, wall construction, facade material.
MATERIAL CONNECTION WITH NATURE
COMPLEXITY & ORDER
Rich sensory information that adheres to a spatial hierarchy similar to those encountered in nature.  Examples: exposed struc-
ture, facade materials, wallpaper, material texture, window hierarchy.
PROSPECT
An unimpeded view over a distance, for surveillance and planning.  Examples: Transparent materials, balconies, catwalks, open 
fl oor plans, elevated planes, focal lengths > 20 ft, partition heights < 42 in.
A place for withdrawal from environmental conditions or the main fl ow of activity, in which the individual is protected from behind 
and overhead.  Examples: overhead or side protection, private offi ces, gazebos, porches.
The promise of more information, achieved through partially obscured views or other sensory devices that entice the individual to 
travel deeper into the environment. Examples: curving edges, winding paths, obscurity.
REFUGE
MYSTERY
RISK/PERIL
An identifi able threat coupled with a reliable safeguard.  Examples: heights, gravity, water, cantilevers, atriums, fl oor to ceiling 
transparencies, passing near water, proximity to predatory animals.
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Natural Analogues addresses organic, non-living and indirect evocations of nature. Objects, materials, colors, shapes, sequences and patterns 
found in nature.  Example of this include mimicry of shells and leaves, and natural occurring structures with organic shapes, and natural mate-
rials that refl ect the local fl ora and fauna of the area.
Nature of the Space addresses spatial confi gurations in nature. This includes our desire to be able to see beyond our immediate surroundings, 
our fascination with the slightly unknown, obscured views and revelations.
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NATURE IN THE SPACE
NATURAL ANALOGUES
NATURE OF THE SPACE
Through research into current greening strategies I have derived four formal typologies for incorporating elements of nature into the built 
environment.  Each of these typologies performs a unique action that allows the natural environment to be combined harmoniously with the 
built environment.  These typologies consist of horizontal surfaces that cap the rooftops of buildings, vertical surfaces that mask the facades of 
buildings, void insertions that fi ll subtractions of buildings, and ramped or stepped surfaces that rise and cause buildings to fade into the horizon.
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FORMAL TYPOLOGIES
Horizontal surfaces cover or cap the rooftop of a building.  They consist of an elevated surface that is completely separated and isolated from 
the ground plane and the everyday passerby.  They are most commonly referred to as green roofs.  These surfaces are viewed only from above, 
and offer immersion in nature only if users take the journey up to and through them.
Vertical surfaces screen or mask the facade of a building.  These can be a single element or a series of elements that are perceived as a whole, such as a se-
ries of balconies with vegetation encompassing a building’s facade.  These are most commonly referred to as living walls.  These surfaces can be viewed from 
any point facing them, and only offer immersion for people directly adjacent to them or from the interior spaces of the building by looking out through them.
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COVER | HORIZONTAL SURFACES SCREEN | VERTICAL SURFACES
Void insertions fi ll a subtracted section from a building.  The building usually offers protection in these spaces from above or multiple sides.  They 
are essentially a green surface inserted into any section of the building that is not the roof.  These insertions offer views to them from multiple 
directions, and only offer immersion when people exit the interior of the building out onto them.
Ramped or stepped surfaces cause a building to appear to rise in form, or fade away into the horizon.  These surfaces are a variation of green roofs that 
serve to connect consecutive levels of the roof of a building.  They are essentially angled green roofs, or a series of green roofs that step back in form to allow 
natural light to penetrate the building.  These surfaces offer views from many different points including above and below them, and offer many opportunities 
for immersion by connecting consecutive levels to the ground plane.
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RISE | RAMPED/STEPPED SURFACESFILL | VOID INSERTIONS
Based on visual inspection, case studies were selected and analyzed that displayed the best strategies for high density developments that incor-
porate a harmonious blending of the natural and urban environments.  The case studies were evaluated for how effective they are at meeting 
each of the 14 patterns of Biophilic design as defi ned by Terrapin Bright Green, and simultaneously studied for which of the four formal typologies 
they incorporate into their design.
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CASE STUDIES
20
Bosco Verticale is a residential housing project designed by Boeri Studio and located in Milan, Italy.  The project creates a vertical forest, con-
sisting of two towers that incorporate over 800 trees, 11,000 perennial plants, and 5,000 shrubs, the equivalent of 20,000 square meters of 
fl at forest and undergrowth.  The project incorporates one formal typology, using vertical surfaces to mask the tower’s facades, which create a 
micro-climate that fi lters sunlight, produces humidity and oxygen, and protects against radiation and noise pollution.
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VISUAL CONNECTION WITH NATURE
A series of undulating balconies allow residents of the tower to visually connect to individual planting spaces and varieties of vegetation from their interior 
rooms and outdoor spaces. Non-residents see the vegetation as a whole, or as a living wall, creating a green tower that contrasts the rest of the materials of 
the city.
NON-VISUAL CONNECTION WITH NATURE
The variety of species of vegetation attract many species of birds and butterfl ies, so you would expect to hear some of this wildlife near and around the 
project.  Naturally occurring weather processes can be observed from the spaces of the towers, and fragrances from the vegetation can be expected to be 
present as well.
NON-RHYTHMIC SENSORY STIMULI
Due to the vertical form, the user is separated from the ground plane where most of the patterns found in nature occur.  Users are only connected to nature 
when occupying the balcony spaces.  While the vegetation on these balconies is diverse, the small square footages they occupy restrict users from experienc-
ing the patterns found in nature.
THERMAL & AIRFLOW VARIABILITY
The presence of a series of undulating balconies along with operable windows allow the user to experience natural airfl ow and weather patterns throughout 
the height of the project.  The undulating nature of these features allows users to experience varying climate conditions depending on their orientation and the 
time of the day.
PRESENCE OF WATER
The project does not contain any constructed water features or any connection to natural water features near the project, due in part to the vertical nature 
of the towers, and the limited footprint of the project in the city.
DYNAMIC & DIFFUSED LIGHT
The arrangement of units in the towers allows for one side of each to be exposed to natural daylight through window glazing and the series of balconies.  The 
staggered nature of the balconies allows for varying levels of light to penetrate into the interior spaces of the project.  Artifi cial lighting is used to illuminate 
interior spaces of the project.
CONNECTION WITH NATURAL SYSTEMS
Due to the vertical nature of the project, users are separated from the natural processes that occur in nature.  Beyond seasonal changes in the vegetation 
located on the balconies, the project does not support any wildlife, or any connection to wild nature.
BIOMORPHIC FORMS AND PATTERNS
The random arrangement of balconies and locations of the vegetation and constructed materials that make up these balconies begin to provide inclinations 
that the project is mimicking the randomness of nature as it exists in the wild.  From an external perspective the tower appears to be a single living organism 
from external perspective.
MATERIAL CONNECTION WITH NATURE
The materials the project is made up of are mainly steel, concrete, and glass, having no evident materials that can be visually or otherwise be tied to nature.
COMPLEXITY & ORDER
The arrangement of the undulating balconies provides inclinations that the project is attempting to mimic the randomness of the hierarchies of nature.  If the 
arrangement of these balconies had been the same from level to adjacent level, then the same effect would not have been accomplished.
PROSPECT
Through the project’s balconies and windows, many views are provided to the context of the city surrounding the towers.
REFUGE
The balconies that surround the project on all sides provide users with places of withdrawal while protecting them from behind, and overhead from weather 
activities.
MYSTERY
The project does not provide a sense of mystery as all of the views from the tower are not obscured by anything.  The tower arrangement of the project does 
not provide the necessary spaces to produce a sense of mystery.
RISK/PERIL
The tower provides a sense of risk due to the experience of heights and the cantilevering nature of the balconies surrounding the facade of the project. 
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BOSCO VERTICALE BIOPHILIC PATTERNS ANALYSIS
One Central Park is a mixed-use residential and commercial project designed by Ateliers Jean Nouvel and located in Chippendale, Australia.  The 
project consists of two residential towers on top of a retail block, with a public park at the heart of the project.  The project utilizes over 250 
species of native Australian fl owers and plants on the facades and within the park.  A cantilever of motorized mirrors refl ect sunlight down into 
the park’s gardens.  The project utilizes two formal typologies in the form of a horizontal surface containing the public park, and vertical surfaces 
which mask the building’s facades, and control sunlight, noise, and wind.
VISUAL CONNECTION WITH NATURE
The combination of a series of living walls, and a central courtyard with vegetation allow people to visually connect with nature in this project.  External 
views capture the living walls of the facade of the project, and internal views down to the elevated courtyard provide people with views to nature in both 
cases.
NON-VISUAL CONNECTION WITH NATURE
The vast array of Australian plant species provides this project with plenty of natural elements to attract the wildlife of the area.  The availability of 
vegetation allows users to experience nature in a variety of other ways, beyond just sight.  The public park at the center of the project allows users to 
be immersed in nature.
NON-RHYTHMIC SENSORY STIMULI
Through the variety of plants incorporated into the project, the project creates its own micro-ecosystem that attracts native insect and animal species 
to the landscape of the project.  This in combination with the changes in light and shadow begin to suggest the natural stimuli found in nature.
THERMAL & AIRFLOW VARIABILITY
The presence of an open-air public park at the heart of the project, along with outdoor rooms in the form of balconies surrounding the towers provide 
users with access to natural airfl ow and weather conditions.  The orientation of these features provides users with variable temperatures and airfl ows 
of the natural environment.
PRESENCE OF WATER
The project incorporates a single refl ective pool at the heart of the project, although One Central Park has no connection to any natural water features 
in the area of Chippendale.
DYNAMIC & DIFFUSED LIGHT
The vast array of plants located at the edges of the balconies of the project allow diffused light to enter the buildings while allowing full sun in the winter 
as the vegetation changes through the seasons.  The collection of mirrors also refl ect sunlight into areas of the central courtyard lacking in natural 
sunlight.
CONNECTION WITH NATURAL SYSTEMS
Due to the formal implications of the project, it does not contain any direct connections with natural systems.  However, the project does create its own 
micro-ecosystem that attracts various insect and animals it’s landscapes.  The plants changing throughout the seasons show seasonal patterns that 
begin to imply connections with natural systems.
BIOMORPHIC FORMS AND PATTERNS
Beyond the incorporation of a vast array of species of vegetation, the rectilinear forms of the towers within the project do not suggest any biomorphic 
forms and patterns found in nature.
MATERIAL CONNECTION WITH NATURE
The materials the project is made up of mainly steel, concrete, and glass, having no evident materials that can be tied visually or otherwise to nature.
COMPLEXITY & ORDER
The overall form of the project is simplistic and rectilinear, and the arrangement of balconies containing plant life is the same from level to level, having 
no spatial hierarchies similar to those encountered in nature.
PROSPECT
Through the project’s balconies, many views are provided to the central courtyard and the surrounding city context of the project.
REFUGE
The balconies that encircle the project’s towers provide users with withdrawal, while protecting them from above and behind.
MYSTERY
The project does not provide a sense of mystery as no views are obscured from the project.  The tower arrangement of the project does not provide the 
necessary forms to invoke a sense of mystery.
RISK/PERIL
The tower provides a sense of risk due to the experience of heights from the balconies surrounding the facade of the project.
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ONE CENTRAL PARK BIOPHILIC PATTERNS ANALYSIS
The Interlace is a residential housing project designed by OMA and located in the verdant Southern Ridges of Singapore.  The project incorpo-
rates 31 identical apartment blocks stacked in a hexagonal arrangement around eight large scale courtyards.  The project incorporates exten-
sive amenities and lush vegetation promoting opportunities for social interaction and shared activities, as well as intimate spaces for privacy. 
The Interlace integrates many low-impact passive energy strategies as well as an extension of the natural surroundings around the project, 
incorporating two formal typologies including horizontal surfaces and void insertions to integrate nature seamlessly into the project.
VISUAL CONNECTION WITH NATURE
The incorporation of courtyards provides the project with many features of landscape for users to experience visually.  The arrangement of housing blocks 
around these courtyards provides views down toward the courtyards, in addition to views away from the courtyards to the natural areas surrounding the 
project.
NON-VISUAL CONNECTION WITH NATURE
The landscape features of the project include a variety of native vegetation and water features, allowing users to experience nature in non-visual ways 
through the sounds of falling water and the sounds of wildlife inhabiting the vegetated areas surrounding the project.  The Interlace also allows for nature to 
be experienced through touch and smell as well.
NON-RHYTHMIC SENSORY STIMULI
Due to the Interlace’s location in a nine-kilometer greenbelt, the project is surrounded by nature and it’s natural processes, offering many ephemeral connec-
tion with nature including seasonal changes in vegetation and connection to the wildlife of the area.
THERMAL & AIRFLOW VARIABILITY
The permeable courtyards offer connections to natural airfl ow and weather patterns of the area.  Operable windows in the apartment blocks allow users to 
experience these connection directly in their units as well.
PRESENCE OF WATER
The project includes multiple water features including pools and waterfalls, that offer users the experience of seeing, hearing, and being in direct contact with 
water daily.
DYNAMIC & DIFFUSED LIGHT
The glazing surrounding the apartment blocks offer direct sunlight to penetrate into the living units.  The arrangement of the apartment blocks offer natural 
light to reach and  illuminate the entirety of the courtyards and the features within.
CONNECTION WITH NATURAL SYSTEMS
The project offers a vast array of connections to natural systems and processes due to the Interlace’s location in a nine-kilometer greenbelt within Singapore. 
Users can experience the climate patterns of Singapore, in addition to being surrounded by the natural wildlife living within the green belt.
BIOMORPHIC FORMS AND PATTERNS
While the arrangement of the housing blocks of the project are unique and not of traditional tower arrangement, they do not offer symbolic references to 
patterns that persist in nature.
MATERIAL CONNECTION WITH NATURE
The materials the project is made up of are mainly steel, concrete, and glass, having no evident materials that can be visually or otherwise tied to nature.
COMPLEXITY & ORDER
While the arrangement of the housing blocks of the project are unique and not of traditional tower arrangement, they do not offer spatial hierarchies that are 
similar to those encountered in nature.
PROSPECT
Through the elevated green spaces and the windows encompassing the apartment blocks, many views are provided to the courtyards and the surrounding 
natural habitat below.
REFUGE
The elevated green spaces, and features of the courtyards provide users with places of withdrawal and protection from above.
MYSTERY
Due to the arrangement of features in the courtyards, the project offers partially obscured views that entice users to travel deeper into their environments.
RISK/PERIL
The apartment blocks provide a sense of risk due to the experience of heights from the elevated green spaces of the project.
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THE INTERLACE BIOPHILIC PATTERNS ANALYSIS
Kampung Admiralty is a mixed-use project designed by WOHA and is located in Singapore.  The project combines senior living, a community plaza, 
a medical facility and community park into a single structure.  The project integrates nature to benefi t the community and senior residents, as 
well as patient health and well-being within the medical facility.  The project utilizes two formal typologies including stepped surfaces surround-
ing a void insertion containing a central courtyard of vegetative features.
VISUAL CONNECTION WITH NATURE
The stepped nature of the project offers many visual connections to nature from the senior living apartments above, and the medical center patient’s rooms 
located in the mid-levels of the building.  The tiers and central courtyard incorporate a variety of species of vegetation to connect with visually.
NON-VISUAL CONNECTION WITH NATURE
The vast array of plant species provides this project with plenty of natural elements to attract the wildlife of the area.  The availability of vegetation allows us-
ers to experience nature in a variety of other ways, beyond just sight.  The central courtyard and surrounding tiers of the project allow users to be immersed 
in nature.
NON-RHYTHMIC SENSORY STIMULI
The project’s vegetation supports a variety of wildlife within the micro-ecosystem created by the project.  The changing vegetation through the seasons also 
provides a connection to stimuli found in nature that cannot be predicted precisely.
THERMAL & AIRFLOW VARIABILITY
The formal arrangement of the project offers connection to natural airfl ow and weather patterns of the area.  Operable windows also allow patient’s and 
residents to experience natural airfl ow directly in their rooms. 
PRESENCE OF WATER
The project does not contain any constructed water features or any connection to natural water features near the project, due to its location within the city.
DYNAMIC & DIFFUSED LIGHT
The glazing surrounding the building offers diffused sunlight to penetrate into the complex.  The formal arrangement of the project offers natural light to 
reach and illuminate a majority of the spaces within the project.
CONNECTION WITH NATURAL SYSTEMS
The project offers connections to natural processes in the form of wildlife supported by the vegetation of the project, and through seasonal changes of the 
vegetation of the project
BIOMORPHIC FORMS AND PATTERNS
The formal arrangement of the project offers no symbolic references to patterns that persist in nature.
MATERIAL CONNECTION WITH NATURE
The materials the project is made up of are mainly steel, concrete, and glass, having no evident materials that can be visually or otherwise tied to nature.
COMPLEXITY & ORDER
The formal arrangement of the project offers no spatial hierarchies similar to those encountered in nature
PROSPECT
Through the stepped arrangement of the project, and the windows facing the landscaped areas, many views are provided to the central courtyard below as 
well as the surrounding city context.
REFUGE
The stepped form of the project provides users with places of withdrawal while protecting them from behind from various weather activities.
MYSTERY
Due to the spatial arrangement of features in the park, the project offers partially obscured views that entice users to travel deeper into their environments.
RISK/PERIL
The formal arrangement of the project provides a sense of risk due to the experience of heights from the elevated spaces of the project.
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KAMPUNG ADMIRALTY BIOPHILIC PATTERNS ANALYSIS
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The Nine Dragon Complex is a mixed-use development designed by Yamasaki Ku Hong Associates and is located in Suizhong, China.  The project 
combines residential units in linear row housing and high-rise towers, a retail center, and a public park into the complex.  The park is made up 
of a series of courtyards contained within the building on the ground fl oor.  The project incorporates two formal typologies including ramped 
surfaces and void insertions in the form of courtyards to bring nature into the project.
VISUAL CONNECTION WITH NATURE
The formal arrangement of high-rise towers offers residents many views to the nature on the ramped surfaces and courtyards below.  In addition, the row 
housing offers views to nature contained within the courtyards below.
NON-VISUAL CONNECTION WITH NATURE
The project offers non-visual connections to nature through the sounds, smells, and textures of the vegetation within the project’s courtyards.  The formal 
arrangement also allows for exposure to the landscape elements on the ground fl oor of the project.
NON-RHYTHMIC SENSORY STIMULI
Due to the location of the project in a dense city, and the small amounts of natural elements integrated into the project’s courtyards, the project does not 
support ephemeral connections to natural stimuli.
THERMAL & AIRFLOW VARIABILITY
The shifting levels of the building allow exposure to a variety of changing temperatures and airfl ows of the natural environment.  Operable windows also allow 
natural airfl ow to penetrate directly into the living units.
PRESENCE OF WATER
The project does not contain any constructed water features, or any connection to natural water features in the area surrounding the complex.
DYNAMIC & DIFFUSED LIGHT
The tower heights and angles of the project are adjusted to optimize natural sunlight to enter its interior spaces.  The ramped surfaces allow users to experi-
ence direct sunlight in the rooftop gardens.
CONNECTION WITH NATURAL SYSTEMS
Due to the project’s location in the city, and lack of an abundance of vegetation and other natural features, the project does not support an awareness of 
natural processes.
BIOMORPHIC FORMS AND PATTERNS
The varying and seemingly random levels of height in the residential units begins to imply the randomness that is seen in nature.  In addition the clustering of 
forms stemming from the residential towers suggest a pattern of stemming from or branching out that is commonly found in plants.
MATERIAL CONNECTION WITH NATURE
The materials the project is made up of are mainly steel, concrete, and glass, having no evident materials that can be visually or otherwise tied to nature.
COMPLEXITY & ORDER
The arrangement of the ramped surfaces stemming from the high-rise towers suggest an arrangement mimicking the structure of plants found in nature.
PROSPECT
Through arrangement of vertical towers and ramped rooftops, the project offers many views down to the courtyards within the built form, and the context of 
the city surrounding the project.
REFUGE
The formal arrangement of the project provides users with places of withdrawal while protecting them from above and behind from various weather activities.
MYSTERY
The project does not provide a sense of mystery as no views are obscured with the project.  The views from the living spaces of the project are not obscured 
and look directly out into the project’s other spaces.
RISK/PERIL
The formal arrangement of the project provides a sense of risk due to the experience of heights from the elevated spaces of the project.
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The Great Wall is a mixed-use development designed by Yamasaki Ku Hong Associates and is located in Suizhong, China.  The project combines 
small manufacturing factories and offi ces that are sold to the public as a sort of apartment as they are sized as typical residential apartments. 
The project uses two formal typologies including stepped surfaces and void insertions in the form of courtyards and access to the courtyards 
to integrate nature into the project.
VISUAL CONNECTION WITH NATURE
The stepped spatial arrangement of the project allows users to experience views to nature at each of the levels that make up the mid-rise building.  Glazing on 
all sides of the project allow for additional views to nature from the interior spaces of the building.
NON-VISUAL CONNECTION WITH NATURE
Users can experience non-visual connections to nature through the sounds and smells of the vegetated courtyards of the project.  The permeable courtyards 
allow users to experience nature in a variety of senses as sounds and smells drift within the building’s spaces.
NON-RHYTHMIC SENSORY STIMULI
Due to the location of the project in a dense city, and the small amounts of natural elements integrated into the project’s courtyards, the project does not 
support ephemeral connections to natural stimuli.
THERMAL & AIRFLOW VARIABILITY
The shifting levels of the building allow exposure to a variety of changing temperatures and airfl ows of the natural environment.  Operable windows also allow 
natural airfl ow to penetrate directly into the living units.
PRESENCE OF WATER
The project does not contain any constructed water features, or any connection to natural water features in the area surrounding the complex.
DYNAMIC & DIFFUSED LIGHT
The stepped nature of the project allows natural sunlight to illuminate both the exterior and interior spaces of the project.  Glazing on all sides of the project 
allows direct and indirect light into the project.  The stepped surfaces allow users to experience direct sunlight in the rooftop gardens.
CONNECTION WITH NATURAL SYSTEMS
Due to the project’s location in the city, and lack of an abundance of vegetation and other natural features, the project does not support an awareness of 
natural processes.
BIOMORPHIC FORMS AND PATTERNS
The linear nature of the facades of the project do not suggest patterns or arrangements seen in nature.  The project reads as one whole mid-rise form rather 
than arrangements of smaller elements.
MATERIAL CONNECTION WITH NATURE
The materials the project is made up of are mainly steel, concrete, and glass, having no evident materials that can be visually or otherwise tied to nature.
COMPLEXITY & ORDER
The formal arrangement of the project offers no spatial hierarchies similar to those encountered in nature.
PROSPECT
Through arrangement of stepped rooftops, the project offers many views down to the courtyards within the built form, and out to the context of the city 
surrounding the project.
REFUGE
The porous courtyards of the project provide users with places of withdrawal while protecting them from above and behind from various weather activities.
MYSTERY
The project does not provide a sense of mystery as no views are obscured with the project.  The views from the interior spaces of the project are not 
obscured and look directly out into the project’s other spaces.
RISK/PERIL
The formal arrangement of the project provides a sense of risk due to the experience of heights from the elevated spaces on the roof of the project.
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Sky Habitat is a residential apartment complex designed by Safdie Architects, and is located in the neighborhood of Bishan in Singapore.  The 
project combines natural features with high density living to provide landscape and a sense of community to residents.  The unique form of 
the two towers allows for lush vegetation, optimal sun orientations, and natural ventilation to enter the project.  The project uses three formal 
typologies to integrate nature into the design including horizontal bridging surfaces, vertical surfaces masking the facade of the complex’s two 
towers, and a void insertion underneath one of the towers.
VISUAL CONNECTION WITH NATURE
Due to the terracing and vertical form of the towers, the project allows many views to the communal spaces of the project, and views to reach the surround-
ing natural context of the project on the ground plane.  Residents are greeted with vegetation in their exterior rooms, allowing views from interior spaces to 
experience nature.
NON-VISUAL CONNECTION WITH NATURE
The natural areas surrounding the project allow the sounds of wildlife and textures of vegetation to reach the residents of the building.  The porous form of 
the three green levels of the building allow the sounds and smells of nature to penetrate the building form.  
NON-RHYTHMIC SENSORY STIMULI
Due to the verticality and the separation from the ground plane, and the lack of variety of species of vegetation, the project does not offer ephemeral connec-
tions to natural stimuli. 
THERMAL & AIRFLOW VARIABILITY
The retreating levels of the building allow exposure to a variety of changing temperatures and airfl ows of the natural environment.  Operable windows also 
allow natural airfl ow to penetrate directly into the living units.
PRESENCE OF WATER
The project incorporates a single water feature in the form of a rooftop pool that serves as a community area that connects the towers of the project.
DYNAMIC & DIFFUSED LIGHT
The offset vertical nature of the project allows natural sunlight to illuminate both the exterior and interior spaces of the project.  Glazing on all sides of the 
project allows direct and indirect light into the project.  The horizontal bridges connecting the towers allow users to experience direct sunlight when occupy-
ing them.
CONNECTION WITH NATURAL SYSTEMS
Due to the project’s location in the city, and lack of an abundance of vegetation and other natural features, the project does not support an awareness of 
natural processes.
BIOMORPHIC FORMS AND PATTERNS
The stacked arrangement of the tower units do not suggest patterns or arrangements seen in nature, as they repeat level to level in the same manner.
MATERIAL CONNECTION WITH NATURE
The materials the project is made up of are mainly steel, concrete, and glass, having no evident materials that can be visually or otherwise tied to nature.
COMPLEXITY & ORDER
The stacked arrangement of the tower units offers no spatial hierarchies similar to those encountered in nature, as they repeat level to level in the same 
manner.
PROSPECT
The vertical form of the project in addition to elevated green surfaces and balconies cladding the tower facades, offer many views to community areas and the 
surrounding context of the project.
REFUGE
The project’s balconies offer users places of withdrawal while protecting them from above and behind from various weather activities.
MYSTERY
The project does not provide a sense of mystery as no views are obscured with the project.  The views from the balcony spaces of the project are not 
obscured and look directly out into the project’s other spaces.
RISK/PERIL
The formal arrangement of the project provides a sense of risk due to the experience of heights from the balconies and bridging surfaces elevated within the 
project.
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Skyville is a mixed-use development designed by WOHA, and located in Singapore.  The project combines mix of public and private housing along 
with various amenities and community areas.  The residents are offered community gardens, a public park and plaza, pavilions, fi tness areas, a 
supermarket and retail spaces, and a childcare facility, along with a bioswale bordering the project.  Skyville incorporates two formal typologies 
that allow nature to be inserted in the project including a horizontal surface capping the retail portion of the project, and void insertions that 
allow nature to be added between the diagonal mirrored forms of the housing towers.
VISUAL CONNECTION WITH NATURE
Due to the vertical form of the project, Skyville offers many views down to the nature located within the voids of the housing tower.  The form also offers 
views from the residential units to the public park capping the commercial portion of the project located beside the housing towers.
NON-VISUAL CONNECTION WITH NATURE
The natural areas surrounding the project allow the sounds of wildlife and textures of vegetation to reach the residents of the building.  The porous forms of 
the green levels within the void of the housing towers allow the sounds and smells of nature to penetrate the building form.
NON-RHYTHMIC SENSORY STIMULI
Due to the verticality and the separation from the ground plane, and the lack of variety of species of vegetation, the project does not offer ephemeral connec-
tions to natural stimuli. 
THERMAL & AIRFLOW VARIABILITY
The porous form of the housing towers allow exposure to a variety of changing temperatures and airfl ows of the natural environment.  Operable windows also 
allow natural airfl ow to penetrate directly into the living units.
PRESENCE OF WATER
The project does not contain any constructed water features, or any connection to natural water features around the building, besides the precipitation 
absorbed by the bioswale that borders the project.
DYNAMIC & DIFFUSED LIGHT
Glazing on all sides of the project allows direct sunlight into the project.  The horizontal surfaces located between the housing towers, and on top of the 
commercial portion of the project allow users to experience direct sunlight when occupying them.
CONNECTION WITH NATURAL SYSTEMS
The bioswale that borders the building allows users to begin to connect to natural process of nature that occur around the project, although the connection to 
theses natural systems is lost when ascending upward through the project’s spaces.
BIOMORPHIC FORMS AND PATTERNS
The levels of the apartment units do not suggest patterns or arrangements seen in nature, as they repeat level to level in the same manner.  The building 
reads as one large mass rather than a collection of smaller parts.
MATERIAL CONNECTION WITH NATURE
The materials the project is made up of are mainly steel, concrete, and glass, having no evident materials that can be visually or otherwise tied to nature.
COMPLEXITY & ORDER
The stacked arrangement of the tower levels offers no spatial hierarchies similar to those encountered in nature, as they repeat level to level in the same 
manner.
PROSPECT
The vertical and porous forms of the housing towers offer many views to the green levels and rooftop garden located below, in addition to views to the 
surrounding context of the city.
REFUGE
The project’s private gardens located between the housing towers offer users places of withdrawal while protecting them from above and on both sides from 
various weather activities.
MYSTERY
The project does not provide a sense of mystery as no views are obscured with the project.  The views from the balcony spaces of the project are not 
obscured and look directly out into the project’s other spaces.
RISK/PERIL
The formal arrangement of the project provides a sense of risk due to the experience of heights from the elevated surfaces within the project.
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NON-RHYTHMIC SENSORY STIMULI
Stochastic and ephemeral connections with nature that may be analyzed statistically but may not be predicted precisely. Examples: materials that move in breez-
es, changing light or shadows, birds chirping, animal movement
CONNECTION WITH NATURAL SYSTEMS
Awareness of natural processes, especially seasonal and temporal changes characteristic of a healthy ecosystem.  Examples: climate patterns, seasonal patterns, 
geology, hydrology, wildlife habitats, pollination, decompostion
BIOMORPHIC FORMS AND PATTERNS
Symbolic references to contoured, patterned, textured or numerical arrangements that persist in nature.  Examples: arrangement of structural system, fabrics, 
woodwork, masonry, building form, railing form
COMPLEXITY & ORDER
Rich sensory information that adheres to a spatial hierarchy similar to those encountered in nature.  Examples: exposed structure, facade materials, wallpaper, 
material texture, window hierarchy
PROSPECT
An unimpeded view over a distance, for surveillance and planning.  Examples: Transparent materials, balconies, catwalks, open fl oor plans, elevated planes, focal 
lengths > 20 ft, partition heights < 42 in.
RISK/PERIL
An identifi able threat coupled with a reliable safeguard.  Examples: heights, gravity, water, cantilevers, atriums, fl oor to ceiling transparencies, passing near 
water, proximity to predatory animals
For the purpose of this thesis I have altered the patterns of biophilic design that are being used to evaluate each of the case studies.  Upon close 
examination some of the elements seemed redundant, as throughout each of the project’s evaluations, these patterns were met or not met for 
the same reasons, or it was found that you cannot have one without the other.  I have combined the following patterns together: non-rhythmic 
sensory stimuli and connection with natural systems, biomorphic forms & patterns and complexity & order, and fi nally prospect and risk/peril. 
This simplifi es the total number of patterns from fourteen down to eleven.
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VISUAL CONNECTION WITH NATURE
A view to elements of nature, living systems and natural processes.  Examples: vegetation, bodies of water, green walls, animals, terrain, landscapes
NON-VISUAL CONNECTION WITH NATURE
Auditory, haptic, olfactory, or gustatory stimuli that engender a deliberate and positive reference to nature, living systems or natural processes.  Examples: Fragrant 
fl owers, fl owing water, ventilation, textures, weather
NON-RHYTHMIC SENSORY STIMULI
Stochastic and ephemeral connections with nature that may be analyzed statistically but may not be predicted precisely. Examples: materials that move in breezes, 
changing light or shadows, birds chirping, animal movement
THERMAL & AIRFLOW VARIABILITY
Subtle changes in air temperature, relative humidity, airfl ow across the skin, and surface temperatures that mimic natural environments.  Examples: solar heat gain, 
shadows and shade, glazing, ventilation, operable windows
PRESENCE OF WATER
A condition that enhances the experience of a place through seeing, hearing or touching water.  Examples: rivers and streams, ponds, water fall, fountain, aquarium, 
rainfall
DYNAMIC & DIFFUSED LIGHT
Leverages varying intensities of light and shadow that change over time to create conditions that occur in nature.  Examples: daylight, direct sunlight, accent lighting, 
illuminance, diffused light
CONNECTION WITH NATURAL SYSTEMS
Awareness of natural processes, especially seasonal and temporal changes characteristic of a healthy ecosystem.  Examples: climate patterns, seasonal patterns, 
geology, hydrology, wildlife habitats, pollination, decompostion
BIOMORPHIC FORMS AND PATTERNS
Symbolic references to contoured, patterned, textured or numerical arrangements that persist in nature.  Examples: arrangement of structural system, fabrics, 
woodwork, masonry, building form, railing form
MATERIAL CONNECTION WITH NATURE
Materials and elements from nature that, through minimal processing, refl ect the local ecology or geology and create a distinct sense of place.  Examples: natural 
wood, stone, bamboo, wall construction, facade material
COMPLEXITY & ORDER
Rich sensory information that adheres to a spatial hierarchy similar to those encountered in nature.  Examples: exposed structure, facade materials, wallpaper, 
material texture, window hierarchy
PROSPECT
An unimpeded view over a distance, for surveillance and planning.  Examples: Transparent materials, balconies, catwalks, open fl oor plans, elevated planes, focal 
lengths > 20 ft, partition heights < 42 in.
REFUGE
A place for withdrawal from environmental conditions or the main fl ow of activity, in which the individual is protected from behind and overhead.  Examples: overhead 
or side protection, private offi ces, gazebos, porches
MYSTERY
The promise of more information, achieved through partially obscured views or other sensory devices that entice the individual to travel deeper into the environ-
ment. Examples: curving edges, winding paths, obscurity
RISK/PERIL
An identifi able threat coupled with a reliable safeguard.  Examples: heights, gravity, water, cantilevers, atriums, fl oor to ceiling transparencies, passing near water, 
proximity to predatory animals
7
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SIMPLIFICATION OF PATTERNS
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The matrix below charts the fi nal conclusions for each case study on which of the eleven unique patterns of biophilic design they met or failed 
to meet.  This activity will give further clarifi cation on how to meet each of the individual patterns of biophelia, and where future opportunities 
lie for strategies to meet the patterns that the case studies are lacking.  The patterns that were lacking the most through evaluation consist of 
presence of water, connection with natural systems, biomorphic forms and patterns, material connection to nature, and a sense of mystery. 
Special consideration will be given to meeting these patterns to build off the case studies and to make future design for the eleven patterns 
a comprehensive whole, and to take biophilic design farther than any of the case studies did, using this matrix as a catalog for future design.
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VERTICAL SURFACE
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The matrix below charts the fi nal conclusions for each case study on which of the derived formal typologies they incorporated or didn’t incor-
porate into the design of each project.  No case study incorporated all of the four typologies, although through analysis it seemed the more 
typologies incorporated, the better the projects fared at meeting different areas of the eleven patterns of biophelia.  Also, the more typologies 
used, the more views created and the more opportunities for people to be immersed in nature in a variety of ways.  Special consideration will be 
given to utilizing all of the formal typologies to create a frequent immersion in nature, using this matrix as a catalog for future design. 
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The Downtown Lincoln Business District zone was selected as the area with the highest opportunity for incorporating increased density, and 
the area that is most in need of incorporating elements of the natural environment within the city of Lincoln.  This zone was divided into 101 
rough single block increments for further analysis to determine the site that will have the highest opportunity to achieve maximum density and 
increased incorporation of natural elements.
SITE ANALYSIS
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The map below indicates the number of trees on each of the downtown blocks, to determine which areas are most in need of the incorporation of nature.  For mapping 
purposes the sites were divided into four quadrants, with the darkest color indicating the sites with the most trees, and the lightest indicating the sites with the least amount 
of trees.
The map below indicates the total existing building square footages on each of the downtown blocks, to determine which areas have the largest opportunity for an increase 
in density.  For mapping purposes the sites were divided into four quadrants with the darkest color indicating the sites with the most built sq. ft., and the lightest indicating 
the sites with the least built sq. ft.
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The map below indicates both of the factors combined to determine which sites simultaneously have the largest opportunity for increased density and are most in need of 
incorporation of the natural environment.  For mapping purposes the sites that are least suitable for an intervention are the darkest color, and the sites most suitable are 
the lightest color.
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The map below depicts the sites in the bottom quarter for incorporating nature, or the sites that contain the least amount of trees in Lincoln’s downtown area.
The map below depicts the sites in the bottom quarter for built square footage, or the sites that have the least amount of existing building square footage in Lincoln’s 
downtown area.
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The map below depicts the sites in the bottom quarter for one of the two factors, and the sites that are in the bottom quarter for both of the two factors, leaving six sites 
to be examined further.
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SITE ANALYSIS
4
EXISTING ON SITE:
Parking Lot
Vacant Land
Total Building sqft: 0
Total # of Trees: 0
Zoning Height Restriction: 75’
INDUSTRIAL
FLOOD PLAIN
0                                                                                            400’
N
5
0                                                                                            500’
N
EXISTING ON SITE:
Vacant Land
Total Building sqft: 0
Total # of Trees: 0
Zoning Height Restriction: 75’
INDUSTRIAL
FLOOD PLAIN
82
0                                                                                            400’
N
EXISTING ON SITE:
Vacant Land
Total Building sqft: 0
Total # of Trees: 9
Zoning Height Restriction: 57’
INDUSTRIAL
The three sites below lie in the bottom quarter for both of the two factors and were examined further.  The sites were determined to not be suitable for the design project 
due to their location in the fl ood plain, and short building height restrictions.
86
N
ANTELOPE VALLEY PARKWAY
EXISTING ON SITE:
Commercial
Industrial
Utility Facility
Vacant Land
Total Building sqft: 17,747
Total # of Trees: 5
Zoning Height Restriction: 57’
0                                                                                            400’
N
96
ANTELOPE VALLEY PARKWAY
EXISTING ON SITE:
Commercial
Industrial
Vacant Land
Total Building sqft: 26,614
Total # of Trees: 10
Zoning Height Restriction: 75’
0                                                                                            400’
N
97
ANTELOPE VALLEY PARKWAY
EXISTING ON SITE:
Commercial
Industrial
Residential Units
Parking Lot
Total Buiilding sqft: 31,458
Total # of Trees: 2
Zoning Height Restriction: 75’
The three sites below lie in the bottom quarter for both of the two factors and were examined further.  The sites were determined to not be suitable for the design project 
due to their proximity to Antelope Valley Parkway.
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BUILDING DEVELOPMENT POTENTIAL
275’ HEIGHT LIMIT
150’ HEIGHT LIMIT
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The map below depicts the sites in the bottom quarter for incorporating nature, or the sites that contain the least amount of trees in Lincoln’s downtown area.  These sites 
were reexamined for fi nding the best area for the design project.
The map below depicts the sites in the height restriction zoning for Lincoln’s downtown area.  The darkest color indicates the sites with the highest building height restric-
tions, or the areas that have the highest opportunities to incorporate higher densities.
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The map below depicts the sites that have the least number of trees, in correlation with the highest building height restrictions, or the sites with the least amount of nature 
and highest opportunity for increased density.  This left four sites to be examined further.
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SITE NARROWING
23
EXISTING ON SITE:
Vacant Land
Commercial
Light Industrial
Parking lot
Total Building sqft: 113,809
Total # of Trees: 9
Potential sqft: 1,404,389
Change in sqft: 1,290,580
Zoning Height Restriction: 150’
Zoning Height Restriction: 275’
0                                                                                            400’
N
24
EXISTING ON SITE:
Commercial
Public & semi-public Commercial
Parking lot
Total Building sqft: 42,600
Total # of Trees: 8
Potential sqft: 1,232,999
Change in sqft: 1,190,399
Zoning Height Restriction: 150’
Zoning Height Restrictiom: 275’
0                                                                                            400’
N
The two sites below lie in the bottom quarter for number of trees and contain a portion of their site in the 275’ building height restriction, and a portion in the 150’ building 
height restriction.
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EXISTING ON SITE:
Commercial
Light Industrial
Parking lot
Total Building sqft: 33,526
Total # of Trees: 9
Potential sqft: 1,143,950
Change in sqft: 1,110,424
Zoning Height Restriction: 150’
Zoning Height Restriction: 275’
0                                                                                            400’
N
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EXISTING ON SITE:
Commercial
Public & semi-public commercial
Residential
Light Industrial
Parking lot
Total Building sqft: 91,720
Total # of Trees: 9
Potential sqft: 1,578,330
Change in sqft: 1,487,100
Zoning Height Restriction: 150’
Zoning Height Restriction: 275’
0                                                                                            400’
N
The two sites below lie in the bottom quarter for number of trees and the fi rst contains a portion of their site in the 275’ building height restriction, and a portion in the 150’ 
building height restriction, while the second lies solely in the 275’ height restriction.
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SITE ANALYSIS
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The site below was determined to be the best spot for a design project that seeks to increase the built square footage of the site, or achieve a 
higher level of density by accommodating more people, and to increase the presence of the natural environment on the site that currently ranks 
one of the lowest in Lincoln’s downtown area for number of existing green features, 
5453
SELECTED SITE
Initial massing iterations were derived through model making from combining the four formal typologies into various confi gurations that maximized the available site square 
footage and allowed connections to nature through a biophilic experience.
MASSING ITERATIONSPART TWO: PROJECT DESIGN
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MASSING CONTROL GROUPS PROGRAM IMPLICATIONS
MASSING
TOTAL BUILT AREA
535,203 Sq. Ft.
MASSING
TOTAL BUILT AREA
929,916 Sq. Ft.
I selected two of the most promising massing iterations to examine further in order to decide which of the two forms works best to achieve my 
overall goals for the project.  The fi rst control group (above) is a stepped or sloped form, utilizing the full 275’ building height limit of the site.  The 
second control group (below) is stacked U-shaped form.  I examined both of these forms for gross built square footage fi rst.  The fi rst control 
group allowed nearly 600,000 built sq. ft while the second control group allowed nearly 1,000,000 square built sq. ft.
The program implications for both of these two control groups were very similar, a series of commercial levels at the base of the structure, and 
a larger series of residential levels above that, stretching the full 275’ building height restriction for the site.  However, the second control group 
allows nearly double the total residential square footage than the fi rst control group, as it contains a stacked form, rather than a stepped form.
COMMERCIAL
RESIDENTIAL
358,785 Sq. Ft.
176,418 Sq. Ft.
PROGRAM ANALYSIS
577,080 Sq. Ft.
352,836 Sq. Ft.
COMMERCIAL
RESIDENTIAL
PROGRAM ANALYSIS
5857
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SHADOW STUDIES NATURE INTEGRATION
I next conducted some shadow studies to see how such a tall building’s cast shadow would affect the shorter surrounding context.  I conducted 
these studies in the wintertime when the sun rises lowest in the sky, casting the longest shadows.  I found the control groups to not be all that 
different in the shadows they cast, except that for the second group when the sun reaches the midpoint of daylight hours, there becomes a gap 
in the shadows cast, as the sun penetrates through the central courtyard of the space.
Next I compared how elements of nature could be easily inserted into each of the groups formal shapes, and the implications of what types of 
spaces these would become.  I found the fi rst control group to incorporate a large amount of sq. ft. of both community and privatized green 
space.  While the second control group incorporates a large amount of sq. ft. of community green space, but no privatized green space.
SHADOW ANALYSIS
SHADOW ANALYSIS
COMMUNITY
PRIVATE
0 Sq. Ft.
41,949 Sq. Ft.
GREENSPACE TYPE
GREENSPACE TYPE
COMMUNITY
PRIVATE
74,844 Sq. Ft.
41,949 Sq. Ft.
NATURE ACCESSIBILITY
CONTROL GROUP SELECTION
The fi nal thing I compared for the two massing control groups was their accessibility to spaces that will incorporate elements of nature.  I tested these groups for what 
percentage of living space had views toward green space, and what percentage of living space allowed for immersion of nature, or being able to directly access nature with 
senses other than sight.  The fi rst control group allowed for nearly all of the living spaces to have views toward nature and nearly half of the living spaces to have direct 
access to nature.  The second group allowed nearly half the living spaces to have views of nature, but allowed almost no units to have direct access to nature.
Upon selecting one of these massing control groups to detail further, I was faced with a decision.  I found that in order to build as dense as possible and to incorporate 
accessible nature space, these things work against each other as a give and take relationship.  The fi rst control group totaled a much smaller overall built square footage 
than the second group, but allowed for nature integration and accessibility much better than the second group.  The decision I faced was to either select the fi rst group 
and look for ways to increase the overall square footage to build denser and allow more people to accommodate the spaces, or select the second control group and work 
to incorporate views and accessibility of nature into the much larger built square footage.  To move forward I selected the second control group as the total built square 
footage ended up being so much larger than that of the fi rst control group.  By selecting this group, the next challenge was going to be how to incorporate views of nature 
and accessible nature spaces into this massing iteration.
18% of Units (63,990 Sq. Ft.)
54% of Units (195,745 Sq. Ft.)
28% of Units (99,720 Sq. Ft.)
IMMERSION
VIEWS
NONE
NATURE ACCESS
45% of Units (260,010 Sq. Ft.)
51% of Units (295,740 Sq. Ft.)
4% of Units (21,330 Sq. Ft.)
IMMERSION
VIEWS
NONE
NATURE ACCESS
577,080 Sq. Ft.
352,836 Sq. Ft.
COMMERCIAL
RESIDENTIAL
PROGRAM ANALYSIS
6261
NATURE INTEGRATION NATURE ACCESSIBILITY
To try and combat this problem I began to look at ways that additional green space could be located within this massing iteration to better opti-
mize it so that a majority of the living spaces could have views to and direct access to nature.  I began to locate some of these additional spaces 
into the upper residential fl oors, creating privatized green space for the living spaces, which it was lacking previously.
By adding these additional areas dedicated to nature above, the views to and accessible nature percentages began to rise for the massing 
iteration.  This move began to allow for a potential better and more cohesive biophilic experience for people to interact with in the project.
GREENSPACE TYPE
COMMUNITY
PRIVATE
113,850 Sq. Ft.
41,949 Sq. Ft.
GREENSPACE TYPE
COMMUNITY
PRIVATE
118,800 Sq. Ft.
41,949 Sq. Ft.
NATURE ACCESS
14% of Units (63,990 Sq. Ft.)
64% of Units (294,570 Sq. Ft.)
22% of Units (99,720 Sq. Ft.)
IMMERSION
VIEWS
NONE
NATURE ACCESS
14% of Units (63,990 Sq. Ft.)
65% of Units (299,520 Sq. Ft.)
21% of Units (99,720 Sq. Ft.)
IMMERSION
VIEWS
NONE
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DEFINING THE PROJECT’S BIOPHILIC EXPERIENCE
The next item I sought to do was to better defi ne the type of biophilic experience I was looking to create within the project.  This would allow me 
to better focus the nature integration aspect of my project to move beyond the broad and arbitrary terms of natural elements, green space, and 
biophelia.  In order to separate my project from the case studies I looked at, I chose to focus on the biophilic activity of gardening.  This would 
allow residents of the project to be immersed in nature through the process of growing and cultivating various plants and crops.  This would 
also allow my project to begin to combine and integrate multiple of the previously discussed land usage types of the United States.  By bringing 
agricultural land and natural preserves into the urban environment of cities, it begins to help combat the huge problem we will face of land 
conservation, as cities continue to grow and expand.
6867
SUN OPTIMIZATION
In order to have a successful gardening operation, this largely hinges on the necessity for direct sunlight to the plants being cultivated in gar-
dens.  Most plants require six to eight hours of direct sunlight to reach their full growing potential.  In order for the community of residents of 
the project to have successful growing operations, I began to shape the living spaces of the project around the need for direct sunlight.
SUN OPTIMIZATION
7069
WINTER SUN
JANUARY 1ST
SUMMER SUN
JULY 1ST
SUNRISESUNSET
SUNRISE
9 HOURS DIRECT SUNLIGHT
0   20’   50’                     150’                     
SOUTHERN EXTERIOR SOUTHERN INTERIOR EAST/WEST EXTERIOR EAST/WEST INTERIOR
9.5 HOURS DIRECT SUNLIGHT
0 HOURS DIRECT SUNLIGHT
0 HOURS DIRECT SUNLIGHT
0 HOURS DIRECT SUNLIGHT
0 HOURS DIRECT SUNLIGHT
4.5 HOURS DIRECT SUNLIGHT
7.5 HOURS DIRECT SUNLIGHT
SUNSET
15 HOURS OF DAYLIGHT
9 HOURS OF DAYLIGHT
To begin sun optimization I tested each region of the residential spaces to see how much direct sun each region of the building was getting, in 
order to see what areas needed improvement for potential growth.  I found the east/west wings of the building to be lacking in hours of direct 
sunlight.
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SUN OPTIMIZATION
WINTER SUN
JANUARY 1ST
SUMMER SUN
JULY 1ST
SUNRISESUNSET
SUNRISESUNSET
SOUTHERNSHIFT MID-SOUTHERN EAST/WEST EXTERIOR EAST/WEST INTERIOR
9 HOURS DIRECT SUNLIGHT
9.5 HOURS DIRECT SUNLIGHT
6 HOURS DIRECT SUNLIGHT
8 HOURS DIRECT SUNLIGHT
0 HOURS DIRECT SUNLIGHT
0 HOURS DIRECT SUNLIGHT
4.5 HOURS DIRECT SUNLIGHT
7.5 HOURS DIRECT SUNLIGHT
0   20’   50’                     150’                     
15 HOURS OF DAYLIGHT
9 HOURS OF DAYLIGHT
To help combat this problem I began by tweaking the building’s form to allow for the optimum 6 hours of direct sunlight to reach more regions of 
the living spaces rather than just the southern row.  In doing so I also changed the southern portion to a single loaded corridor as the northern 
interior portion of the project was receiving no direct sunlight.
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SUN OPTIMIZATION
WINTER SUN
JANUARY 1ST
SUMMER SUN
JULY 1ST
SUNRISESUNSET
SUNRISESUNSET
SOUTHERN MID-SOUTHERN EAST/WEST EXTERIOR EAST/WEST INTERIOR
9 HOURS DIRECT SUNLIGHT
9.5 HOURS DIRECT SUNLIGHT
15 HOURS OF DAYLIGHT
15 HOURS OF DAYLIGHT
9 HOURS OF DAYLIGHT
6 HOURS DIRECT SUNLIGHT
8 HOURS DIRECT SUNLIGHT
6 HOURS DIRECT SUNLIGHT
6 HOURS DIRECT SUNLIGHT
6 HOURS DIRECT SUNLIGHT
6 HOURS DIRECT SUNLIGHT
0   20’   50’                     150’                     
SPLIT
The next move I made was to consolidate the east/west wing’s growing areas to a region that would receive much more direct sunlight than 
could be achieved previously.  I sliced the building at the elbows of these wings in order to achieve this.  This move allowed me to retain most of 
the living space square footage of the confi guration, and allowed the units located in the east/west wings to still have the opportunity to produce 
food from gardens.
7675
ECONOMIC IMPLICATIONS
By using the sun angles to defi ne the growing potential of the various regions of the building, it allowed me to use this factor to drive the orga-
nization and  economic implications of the residential portion of the project.  The different growing potentials of the various regions allowed me 
to better defi ne individual unit classifi cations, unit values, unit sizes, and helped defi ne a range of growing experiences for different residents. 
The goal of this method was to use the spectrum of growing potential ratings to provide a range of experiences for the different demographics 
of potential residents, catering to their varying needs.
ECONOMIC IMPLICATIONS
7877
GROWING POTENTIAL
1
2
3
4
UNIT CLASSIFICATION
SUMMER
8 HOURS DIRECT SUNLIGHT
WINTER
6 HOURS DIRECT SUNLIGHT
SUMMER
9.5 HOURS DIRECT SUNLIGHT
WINTER
9 HOURS DIRECT SUNLIGHT
SUMMER
6 HOURS OF DAYLIGHT
WINTER
6 HOURS DIRECT SUNLIGHT
SUMMER
6 HOURS DIRECT SUNLIGHT
WINTER
6 HOURS DIRECT SUNLIGHT
SOUTHERN MID-SOUTHERN
EAST/WEST EXTERIOR EAST/WEST INTERIOR
1
3
2
4
SINGLE-LOADED CORRIDOR, VIEWS FACE SOUTH
END OF CORRIDOR, NATURAL DAYLIGHT ON TWO FACES
DOUBLE-LOADED CORRIDOR, VIEWS TO DOWNTOWN LINCOLN
DOUBLE-LOADED CORRIDOR, VIEWS TO BUILDING COURTYARD
UNIT TYPE 1
UNIT TYPE 2
UNIT TYPE 3
UNIT TYPE 4
CIRCULATION
The fi gure below indicates the growing potential for the four various regions of the residential confi guration.  They are ranked one through four , 
with one being the conditions that would lead to the largest possible yield based on hours of direct sunlight, indicated by the darkest green color.
The fi gure below indicates the derived unit classifi cations based on their various growing potentials and spatial locations.  The diagram also 
depicts the addition of necessary circulation to the building indicated by the blue color.  Classifying the units in this way begins to divide the 
overall building mass into three regions that can function separately from the others.
ECONOMIC IMPLICATIONS
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UNIT VALUE
$$
$
$$$$
$$$
UNIT SIZING
RAIN WATER COLLECTION, COMPOSTING SYSTEM, TRASH AND RECYCLING
MOST DESIRED REAL ESTATE
LEAST DESIRED REAL ESTATE
SYSTEMS
HIGHEST COST
LOWEST COST
775 USABLE SQ FT, 4 PER FLOOR, 40 TOTAL UNITS, 31,000 SQ FT
425 USABLE SQ FT, 72 TOTAL UNITS, 30,600 SQ FT
275 USABLE SQ FT,  122 TOTAL, 33,550 SQ FT
260,350 SQ FT HOUSING, 374 UNITS, 514 BEDROOMS, 514 BATHROOMS
CAPACITY ESTIMATE:  766 RESIDENTS
1,180 USABLE SQ FT, 10 PER FLOOR, 140 TOTAL UNITS, 165,200 SQ FT
2 BED, 2 BATH
1 BED, 1 BATH
1 BED, 1 BATH
STUDIO
TOTAL
The fi gure below indicates the derived unit values based on their various growing potentials.  By classifying the unit values based on the range 
of growing potentials, this allows a range of residents of different income levels to occupy the living spaces of the residence, ranging from 
high-income to low-income occupants.  The diagram also indicates the space designed to house the building systems, shown in blue.
The fi gure below indicates the derived unit sizes based on their various growing potentials.  The units with the highest growing potential became 
the units with the largest amount of space, and the units with the lowest growing potential became the units with the smallest amount of space. 
This was done in order to put larger families in the units with the highest growing potential as they would need the most amount of yield to feed 
their families.
ECONOMIC IMPLICATIONS
8281
GROWING AREAS
TYPICAL GROWING SEASON YEILD ESTIMATE (.9 LB PER SQ FT): 41,660 LBS OF VEGGIES
                                 YEAR-ROUND GROWING YEILD ESTIMATE: 83,320 LBS OF VEGGIES
46,290 SQ OF PLANTING AREA, 26 COMMUNITY GREENHOUSES, 180 PRIVATE GREENHOUSES
915 SQ FT FOR EACH PLANTING AREA, 2 PER FLOOR, 26 TOTAL, 23,790 SQ FT
125 SQ FT FOR EACH PLANTING AREA, 180 TOTAL, 22,500 SQ FT
TOTAL
COMMUNITY GARDEN
PRIVATE GARDEN
The fi gure below indicates the locations of the areas designated to garden and cultivate plants.  Privatized growing areas were located in the units with the 
highest rated growing potentials.  The units with the lowest rated growing potentials have consolidated community garden areas located at the elbows of the 
building.  This allows for a greater sense of community among individual residents, as well as better crop yield based on a slightly better growing potential.
The following section details the different unit types that make up the residential confi guration of the project.  With units of varying sizes and 
varying biophilic connections, the project offers a range of different experiences for the potential residents based on their wants and needs.
UNIT TYPES
8483
OVERALL CONFIGURATION
 0                  5’                                         15’                                                              30’
  0                                 20’                                                   50’                                                                                                                                                                                   150’
UNIT TYPE 1
PRIVATE GREENHOUSE
UNIT TYPE 2
UNIT TYPE 3
COMMUNITY GREENHOUSE
UNIT TYPE 4
The image below depicts the overall residential fl oor plan confi guration.  Within this confi guration are four unique unit types and two distinct 
types of growing areas for residents, depending on which type of unit they occupy.  The areas designated for building systems are highlighted in 
blue.  Much of the building’s core circulation has been located adjacent to the community growing areas, allowing for a unique biophilic experi-
ence every time a resident leaves or enters the building.
SOUTHERN WING CONFIGURATION
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 0                  5’                                         15’                                                              30’
  0                                 20’                                                   50’                                                                                                                                                                                   150’
UNIT TYPE 1
CIRCULATION
CIRCULATION
TRASH & RECYCLING
SYSTEMS SHAFT
PRIVATE GREENHOUSE
The image below depicts the southern wing confi guration of the residential portion of the building.  The southern wing offers a single unit type, 
with an attached private greenhouse.  This unit type is the largest within the complex and most suitable for family living.
UNIT TYPE 1
The fi rst unit type is the largest and has the highest growing potential.  They would be the most suitable units to be occupied by families.  This 
unit type contains two bedrooms, two bathrooms, a pantry, ample closet space, and a private greenhouse.  The unit also contains a small planter 
box in the master bedroom.  These units are 1,180 sq. ft. in total and the project as a whole contains 140 of this type of unit.
8887
 0      2’           5’                                        15
EAST/WEST WING CONFIGURATION
The image below depicts the east and west wing confi gurations of the residential portion of the building.  These wings offer three unique units 
types, the largest of these containing a private greenhouse.  The two smaller units have designated spots in the consolidated community garden 
areas located to the south of these wings, allowing all of the residents to have a biophilic experience relating to gardening.
Growth:
RESIDENTIAL FLOOR PLANS
 0                  5’                                         15’                                                              30’  0                  5’                                         15’                                                              30’
CIRCULATION
CIRCULATION
TRASH & RECYCLING
SYSTEMS SHAFT
SYSTEMS SHAFT
PRIVATE GREENHOUSE
UNIT TYPE 2
UNIT TYPE 3
UNIT TYPE 4
9089
UNIT TYPE 2
9291
The second unit type is the next largest unit.  They are located at the northern ends of the east and west wings.  The unit contains one bedroom 
and one bathroom, and a private greenhouse, as well as a large planter box in the kitchen windows.  This unit totals 775 sq. ft. with 40 total of 
this type within the project.
 0      2’           5’                                        15’
UNIT TYPE 3
The third type of unit in the project is the second smallest, and contains one bedroom and one bathroom.  The unit also contains a large planter 
box in the kitchen.  The resident(s) of this unit have a designated slot in the community garden area.  These units total 425 sq. ft. and the project 
as a whole contains 72 of this type of unit.
9493
 0      2’           5’                                        15’
UNIT TYPE 4
9695
The fourth type of unit in the project is the smallest, being a studio apartment.  The unit contains a small planter box in the kitchen, as well as a 
large window in the bedroom/living space, allowing great views down to the community areas below. The resident(s) of this unit have a desig-
nated slot in the community garden area.  These units total 275 sq. ft. and the project as a whole contains 122 of this type of unit.  These units 
would also be the most likely candidates to be rented out in an Air Bnb type system, to attract people to the area, and generate an income for 
the project.
 0      2’           5’                                        15’
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COMMUNITY GARDEN
The community gardens are located at the elbows of the residential fl oor confi gurations.  They allow residents of unit types 3 and 4 to have a 
similar biophilic experience to the residents with private greenhouses through the process of gardening.  Much of the project’s circulation is 
located adjacent to these greenhouses to provide residents a daily connection to nature through sight, even if they are not directly interacting 
with their gardens that day.  There are 2 of these community gardens per fl oor, totaling 26 throughout the whole project.  The image below also 
depicts a portion of the water systems, exposed to this greenhouse.  This allows residents to be concious of the capture and reuse of rainwater 
to irrigate the crops in these gardens.
 0                  5’                                         15’                                                              30’
10099
The below image depicts an aerial shot of the residential units highest levels, showcasing some of the unique connections to nature the project 
illustrates through a diverse plant life in the planters, gardens, and rooftop penthouse green spaces.
102101
The following section details the different community spaces that make up the commercial portion of the project located at the ground level, 
along with images that depict the entire project as a whole.
COMMUNITY SPACES
104103
  0                        20’                                     50’                                                                                                                                   150’
RETAIL SHOPS
RETAIL SHOPS
WATER FEATURE
PLANTER BEDS
PARKING RAMP
CIRCULATION
CIRCULATION
CIRCULATION
TRASH & RECYCLING
TRASH & RECYCLING
SYSTEMS SHAFT
SYSTEMS SHAFT
HARDSCAPE COURTYARD
SHADED CONDITION
The ground fl oor commercial confi guration is made up of a series of shops designated for various, retail, bar, or restaurant purposes, surround-
ing a shaded hardscape courtyard, containing various planting areas, seating areas, and a large water feature.  The water feature offers another 
connection to nature through sound reverberating throughout the space.
1ST FLOOR COMMERCIAL CONFIGURATION
106105
2ND FLOOR COMMERCIAL CONFIGURATION
  0                        20’                                     50’                                                                                                                                   150’
CIRCULATION
CIRCULATION
CIRCULATION
TRASH & RECYCLING
TRASH & RECYCLING
SYSTEMS SHAFT
SYSTEMS SHAFT
PARKING GARAGE
SCREENED CONDITION
PARKING RAMP
2ND STORY RETAIL SHOPS
BALCONY
SHADED CONDITION
HARDSCAPE COURTYARD
SHADED CONDITION
The second fl oor commercial confi guration is made up of more retail shops that overlook the shaded courtyard, and a parking garage with a 
vertical wall screening the cars from the public spaces.  The garage offers another connection to nature through its envelope of climbing vines 
surrounding the structure.
108107
The image below depicts an aerial shot of the shaded courtyard space surrounded by retail shops, showcasing the spaces connections to nature 
through various plantings and a cascading water feature.
110109
PARK LEVELS CONFIGURATION
The roof levels of the commercial portion to the south and parking garage to the north contain various amenities for the residents of the complex 
that promote physical and mental health through unique connections to nature.  The roof level to the south contains a heavily planted area that 
receives an abundance of sunlight year round, mimicking a nature preserve or public park.  The roof level to the north contains various amenities 
promoting an active lifestyle through a basketball court, tennis court, climbing wall, playground area, and a run/walk track surrounding a large 
scale greenhouse.
  0                        20’                                     50’                                                                                                                                   150’
CIRCULATION
CIRCULATION
CIRCULATION
TRASH & RECYCLING
TRASH & RECYCLING
SYSTEMS SHAFT
SYSTEMS SHAFT
BASKETBALL COURT
TENNIS COURT
CLIMBING WALL
LARGE SCALE GREENHOUSE
PLAYGROUND AREA
HEAVILY PLANTED AREA
HIGH-SUN CONDITION
SOFTSCAPE AREA
SEMI-SUN CONDITION
SOFTSCAPE PARK AREA
HIGH-SUN CONDITION
PLANTED AREA
SHADE CONDITION
112111
The image below depicts an eye-level shot on the roof of the parking garage.  The image captures the spaces connections to nature and various 
amenities that promote an active lifestyle to benefi t the residents of the project.
114113
The image below depicts a street-level shot of the project as a whole, showcasing its vast scale in comparison to the surrounding downtown 
Lincoln context, and the project’s numerous attempts to integrate nature into the urban environment.
116115
The image below depicts a east/west section cut through the community greenhouses of the residential portion of the project.  The section helps 
to show the series of biophilic experiences the residents and public will experience throughout the complex.
118117
The image below depicts the previous section cut and additionally follows the fl ow of water systems throughout the project.  This process begins 
with rainwater capture on the roof, to purifi cation underneath, to the courtyard water feature and to the irrigation systems of the community 
gardens and south park.
120119
The image below depicts a north/south section cut through the entire building complex.  This cut showcases the connections between the public 
and residents through the various commercial and residential spaces.
122121
The section below depicts a zoomed portion of the previous section showing the north park space and resident parking garage below. The image below depicts an alternate proposal for the future conversion of the parking garage to a large-scale hydroponic operation.  As we begin to move away 
from car-centered transportation by living densely, the garage is designed to seamlessly convert to a growing operation utilizing grow lights in the dark space.
124123
The below image depicts an aerial shot of the entire project, showcasing the potential building height for the site, and the numerous attempts to 
connect people within an urban environment to nature.
126125
EPILOGUE
 Refl ecting on the conclusion of this project I reached a point that touched on many of the aspects that I hoped to get to throughout the 
duration of the year of work I put into it.  However, there are still many areas of the project that I didn’t quite get to that future work trajectories 
would focus on.  
 The fi rst of these aspects would be further work on the community gardens in section, looking at sun angles and varying the spaces 
from fl oor to fl oor for better connectivity between them in the vertical sense.  Another aspect would be taking a second look at the 2nd fl oor 
retail spaces, looking at alternative functions, as commercial spaces on the second fl oor tend to not do as well as they would on the fi rst fl oor.  A 
third area to detail further and provide some variance for would be the front porch conditions on the southern wing of housing.  The community 
aspect exists currently only on each fl oor, and providing some sort of vertical connection between these fl oors with additional landscaped areas 
would allow a better sense of community between these thirteen fl oors.  Additionally a larger focus on the overall systems of the building is 
needed, beyond just the fl ow of water.  Looking into alternative energy systems involving photovoltaics to utilize sunlight would further improve 
the project, as well as the possible addition of a composting toilet system that would allow for an abundance of fertilizer for the various growing 
spaces within the building complex.  A deeper dive into the overall systems of the project would serve to better exemplify the ecosystem I was 
attempting to create.  The last thing I would look to improve on is the selection of materials throughout different sections of the project.  The 
housing tower could be broken into three different materials to coincide with the three wings of the upper portion.  In addition using different 
materials to highlight the areas of the project that contain connections to nature could be better hashed-out.  
 All in all, through this project I tried to provide an optimistic view of the future, showing how architects can begin to alter how we design 
based on the ever-changing needs of the environment and the people within the environment, to work towards designing and implementing a 
happy, healthy, and sustainable future for all.
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